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UNITED STATES SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that We, THOMAS TEUSCHLER, GUNTER 
SCHWAB, and MAXIMILIAN STADLER, citizens of Germany, having 
addresses of Ludwig-Thoma-Strasse 11, D-84489 Burghausen, 
Germany; Flurstrasse 7, D-82524 Neudtting, Germany; and 
Pappelweg 2a, D-84533 Haiming, Germany, respectively, have 
invented certain new and useful improvements in a 

POLISHED SEMICONDUCTOR WAFER AND PROCESS FOR PRODUCING IT 

of which the following is a specification. 



R:\Patents\T\Teuschler et al- Specification, wpd 



BACKGROUND OF THE INVENTION 



1, Field of the Invention 

The invention relates to a polished semiconductor 
wafer for the fabrication of electronic components, having a 
front surface and a back surface and an edge which forms the 
periphery of the semiconductor wafer and is part of a 
profiled boundary of the semiconductor wafer. The 
semiconductor wafer has a polished front surface, into which 
the components are formed. Strict demands are imposed on the 
flatness of the front surface, and these demands are 
extraordinarily high if it is intended to accommodate 
electronic structures with line widths of 0.1 /xm or below 

0.1 technology). To enable the maximum number of 
circuits of this type to be integrated, it is necessary to 
ensure the required flatness to as close as possible to the 
edge of the front surface. 

2. The Prior Art 

Most efforts to increase the flatness of the side 
faces of the semiconductor wafer in general and the front 
surface in particular have consistently been concentrated on 
substeps involved in the production of a semiconductor wafer 
which influence the flatness. These substeps include in 



particular steps such as the lapping and/or grinding and 
polishing of one or both side faces. At least one polishing 
step, carried out as a single-side or double-side polishing 
step, is virtually always carried out. As is made clear by 
European Patent No. EP 1119031 A2 , however, it is also 
possible for substeps such as the etching of the side faces 
to have an effect on the flatness, in particular on the 
flatness in the edge region of the side faces. A 
semiconductor wafer is usually etched prior to a first 
polishing step, in order to remove damage from the surface 
left behind by a previous shaping operation, for example by 
grinding and/or lapping of the semiconductor wafer. The 
abovementioned patent application states that a raised 
portion in the edge region of the polished front surface of 
the semiconductor wafer is likely if the semiconductor wafer 
is exposed to a flow of a liquid etchant which is guided onto 
the boundary of the semiconductor wafer during etching. To 
avoid this effect, a shield can be positioned in front of the 
boundary of the semiconductor wafer preventing the etchant 
from being able to strike the boundary of the semiconductor 
wafer directly. The document does not give any indications 
with regard to any potential for targeted influencing of the 
flatness of a semiconductor wafer in its edge region, in 



particular with a view to making the semiconductor wafer 
suitable for the <; 0.1 pm technology. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 
to demonstrate such potential. 

It has been found that the flatness that can be 
achieved by polishing in the edge region of a semiconductor 
wafer can be influenced in a targeted fashion by prior 
etching of the semiconductor wafer. This is a surprising 
result, since hitherto it was assumed, even when using the 
process disclosed by EP 1119031 A2 , that the semiconductor 
wafer geometry is adversely affected by the etching and that 
it will only be possible to partially eliminate this adverse 
effect by optimized polishing. 

The invention comprises a polished semiconductor 
wafer having a front surface and a back surface and an edge 
R, which is located at a distance of a radius from a center 
of the semiconductor wafer, forms a periphery of the 
semiconductor wafer and is part of a profiled boundary of the 
semiconductor wafer. A maximum deviation of the flatness of 



the back surface from an ideal plane in a range between R- 
6 mm and R-l mm of the back surface is 0.7 /xm or less. 

This particular geometry of the back surface of the 
semiconductor wafer is an essential feature for making the 
semiconductor wafer suitable for the <l 0.1 /xm technology. 
This result was likewise unexpected, since the flatness of 
the front surface forms the focal point of interest with 
regard to possible minimum line widths of electronic 
structures. Furthermore, the inventors have established that 
when producing a semiconductor wafer having this particular, 
it is essential for the etching step to be carried out in a 
certain way prior to a first polishing step. 

The invention also includes a process for producing 
a polished semiconductor wafer, comprising at least one 
treatment of the semiconductor wafer with a liquid etchant 
and at least one polishing of at least a front surface of the 
semiconductor wafer, the etchant flowing onto a boundary of 
the semiconductor wafer during the treatment, and the 
boundary of the semiconductor wafer which faces the flow of 
etchant being at least partially shielded from being struck 
directly by the etchant. The boundary of the semiconductor 
wafer is shielded along a distance which extends in the 



direction of a thickness d of the semiconductor wafer and is 
at least d + 100 /xm long. 

Carrying out the etching step in this process 
results in a semiconductor wafer whose front surface and back 
surface are particularly planar all the way to the edge 
region. The flatness of at least the front surface is 
optimized during the subsequent polishing, with the improved 
flatness of the back surface being responsible for this being 
possible, since the flatness of the front surface of a 
semiconductor wafer can scarcely be improved by a polishing 
step if the flatness of the back surface of the semiconductor 
wafer is relatively moderate. It is essential to the 
invention for the boundary of the semiconductor wafer which 
faces the flow of etchant to be at least partially shielded 
from the etchant flowing in. It is also essential for the 
shielding action to cover a region before the boundary of the 
semiconductor wafer which, as seen in a direction 
perpendicular to the direction of flow of the etchant and 
parallel to the thickness of the semiconductor wafer, is at 
least of a length which corresponds to the sum of the 
thickness of the semiconductor wafer and a length of 100 jxm. 



Therefore, the subject matter of the invention is 
also an arrangement comprising a semiconductor wafer and a 
shield which is positioned in front of a boundary of the 
semiconductor wafer and at least partially shields the 
boundary of the semiconductor wafer from a liquid etchant 
flowing onto the boundary. The boundary of the semiconductor 
wafer has a profile which extends from an inner profile end 
E, over a length p, to an edge R of the semiconductor wafer. 
The edge is located at a distance of a radius from a center 
of the semiconductor wafer and forms a periphery of the 
semiconductor wafer. The shield has a border S which is 
closest to the boundary of the semiconductor wafer and is at 
a distance A from the inner profile end E and a border lying 
furthest from the boundary of the semiconductor wafer. The 
shield shielding the boundary of the semiconductor wafer 
which faces the flow of etchant along a distance which 
extends in the direction of a thickness d of the 
semiconductor wafer is at least d + 100 /xm long. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects and features of the present invention 
will become apparent from the following detailed description 
considered in connection with the accompanying drawings. It 
is to be understood, however, that the drawings are designed 



as an illustration only and not as a definition of the limits 
of the invention. 



In the drawings, wherein similar reference 
characters denote similar elements throughout the several 
views: 

FIG. 1 shows a sectional view of a portion of a 
semiconductor wafer; 

FIG. 2 diagrammatically depicts an edge region of 
the semiconductor wafer and relates this region to an ideal 
plane; 

FIG. 3 shows, in general form, the arrangement 
according to the invention of the semiconductor wafer and the 
shield; 

FIG. 4 uses a diagram based on a comparative 
example and three examples to demonstrate the effect of the 
invention on the flatness of the back surface of a 
semiconductor wafer in the edge region; and 



FIGS. 5 to 12 show various embodiments of the 
arrangement of the semiconductor wafer and the shield during 
the etching of the semiconductor wafer; the arrangement shown 
in FIG. 5 forms part of the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 1 shows the edge region of a silicon 
semiconductor wafer, since the invention has the effect of 
improving the flatness of this region. The semiconductor 
wafer 1 is illustrated in conjunction with a two-dimensional 
system of coordinates, with the aid of which the relative 
position of the semiconductor wafer and the shield can 
subsequently be clarified. The reference point for the system 
of coordinates is the center of the semiconductor wafer, 
which is rotated about this center during etching. The edge R 
of the semiconductor wafer is located at a distance of a 
radius from the center and forms the periphery of the 
semiconductor wafer. It is part of a profiled boundary 4 of 
the semiconductor wafer, the profile being produced 
mechanically using a shaping tool, for example a profile 
grinding wheel, in what is known as an edge rounding step. 
The location of the profile which is closest to the center is 
marked as the inner profile end E. The boundary of the 
semiconductor wafer may be rounded symmetrically or 



asymmetrically. The edge region of the semiconductor wafer, 
which is of particular interest in connection with the 
invention, is located at a distance R-l mm to R-6 mm from the 
center of the semiconductor wafer, on the front surface 2 and 
the back surface 3 of the semiconductor wafer. 

During the etching, the semiconductor wafer, which 
preferably substantially comprises silicon, is exposed to a 
flow of liquid etchant which flows to the boundary of the 
semiconductor wafer at a defined velocity parallel to the 
radial direction shown in the system of coordinates. Suitable 
etchants are both alkaline and acid reacting solutions. 
However, acid reacting solutions are preferred, since the 
risk that they will introduce metallic impurities into the 
semiconductor material is much lower. A particularly 
preferred etchant contains aqueous hydrogen fluoride solution 
and at least one oxidizing acid, particularly preferably 
nitric acid, and, if appropriate, further additives. It is 
also particularly preferred for small gas bubbles to be 
dispersed in the etchant in order to make the removal of 
material by etching more uniform. This can be realized, for 
example, in accordance with the description given in 
US Patent No. 5,451,267, the disclosure of which is herein 
incorporated by reference. 



The boundary of the semiconductor wafer which faces 
the flow of etchant is to be at least partially shielded in 
the manner of the invention. This means that at least part of 
the periphery of the semiconductor wafer lying in the 
direction of flow of the etchant is shielded. The effect of 
the shielding on the flatness of the side faces of the 
semiconductor wafer is at its greatest, however, if the 
periphery of the semiconductor wafer which lies in the 
direction of flow of the etchant is completely shielded in 
the manner of the invention. This option is therefore also 
particularly preferred. On the other hand, it is also 
possible for the periphery of the semiconductor wafer to be 
partially or completely shielded in the manner of the 
invention beyond the minimum requirement. 

It can be seen from FIG. 2 that increased removal 
of material is registered in the edge region of the 
semiconductor wafer 1, in particular in the range from R-l mm 
to R-4 mm. This results in a more or less pronounced 
deviation from an ideally planar surface, which it is 
intended to approach with a view to the flatness during the 
shaping of the front surface and the back surface as a model, 
in this region. Since this deviation can also only be 
eliminated to a limited extent by subsequent polishing, it is 
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desirable for this deviation after the etching step to be 
minimized. 

This is achieved by the process according to the 
invention, as can be seen from FIG. 3, by the boundary 4 of 
the semiconductor wafer which faces the flow of etchant being 
shielded in a direction perpendicular to the direction of 
flow of the etchant along a distance which is at least 
d + 100 /xm long, where d denotes the thickness of the 
semiconductor wafer. With regard to the system of coordinates 
shown, this means that the etchant, before it reaches the 
boundary of the semiconductor wafer, is prevented from 
flowing onto the semiconductor wafer in the radial direction, 
with the obstacle in the vertical direction of the system of 
coordinates existing at least over a length corresponding to 
the sum of the thickness d of the semiconductor wafer and a 
distance of 100 /xm. To achieve this, a shield 5 is arranged 
in front of boundary 4 of the semiconductor wafer, for 
example in the manner presented in the abovementioned 
EP 1119031 A2. However, unlike in this prior art, it should 
be noted that the shield must have a thickness which 
satisfies the requirement that the flow of the etchant be 
blocked over a length corresponding to the sum of the 



thickness d of the semiconductor wafer and a distance of 
100 /xm. 

An arrangement of the semiconductor wafer and the 
shield which is in accordance with the general illustration 
shown in Fig. 3 is particularly preferred. The thickness d of 
semiconductor wafer 1 corresponds to the distance between 
front surface 2 and back surface 3 of the semiconductor 
wafer. The profile extends from the inner profile end E over 
a length p to the edge R of the semiconductor wafer. Shield 5 
has a rear border located furthest from the boundary of the 
semiconductor wafer and a border S located closest to the 
boundary of the semiconductor wafer. Border S is at a 
distance A, the size of which is preferably 10 mm or less, 
from inner profile end E. In accordance with the sectional 
illustration shown, the rear border may be straight or 
rounded with respect to the vertical direction of the system 
of coordinates. Furthermore, the body of shield 5 may have a 
rectangular periphery, in accordance with the sectional 
illustration, with a constant thickness t max , or, in 
accordance with the option indicated by dashed lines, may be 
designed so as to taper toward one or both borders. The 
degree of tapering may range between thickness t max and a 
minimum thickness t min . 
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At border S, the shield may have a recess 6 which 
is formed in the radial direction and extends down to a depth 
Y to a base G of the recess. If this feature is present, it 
is particularly preferred for the relative position of the 
semiconductor wafer and the shield to be selected in such a 
way that the boundary of the semiconductor wafer extends into 
the recess, for example even to such an extent that the 
difference E-S becomes negative. The length of the shield, 
i.e. the distance between the border S and the rear border, 
is preferably 5 to 200 mm, particularly preferably 30 to 70 
mm. 

A semiconductor wafer which has been etched in 
accordance with the invention is distinguished by the fact 
that its side faces are particularly planar even in the edge 
region. This naturally also has positive effects on the 
result of subsequent polishing of the semiconductor wafer, 
since the flatness of the semiconductor wafer is improved 
still further as a result. The subsequent polishing and any 
cleaning steps carried out before and after it are to be 
carried out in accordance with the prior art. At least one 
polishing of at least the front surface of the semiconductor 
wafer is carried out. The polishing can be carried out as 
single-side polishing or as double-side polishing. In the 
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case of single-side polishing of the front surface, the back 
surface of the semiconductor wafer is fixed on a support 
plate, for example by adhesive bonding. In the case of 
double-side polishing, the semiconductor wafer lies in a 
freely moveable manner in a recess in a carrier. The high 
flatness of the back surface, even in its edge region, 
ensures that the polishing of the front surface produces a 
semiconductor wafer which is extremely planar on this surface 
all the way into the edge region. Such a successful polishing 
result can scarcely be achieved with a semiconductor wafer 
which has been etched in accordance with the prior art and is 
less planar in the edge region of the side faces, since the 
locally reduced flatness in the edge region of the back 
surface is transferred to the front surface, where it also 
leads to deviations from the ideal plane. 

If the front surface is polished a number of times, 
it is expedient for the first polishing step to be carried 
out as stock removal polishing and for the final polishing 
step to be carried out as touch polishing, these two 
varieties of polishing being distinguished substantially by 
the amount of material removed during the polishing. In the 
case of touch polishing, the material removed is generally 
2 fxm or less and in the case of stock removal polishing, the 
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material removed may be up to 10 /xm and above. In addition to 
the final polishing step, the semiconductor wafer can also be 
coated, for example by an epitaxial layer being deposited on 
the front surface and/or by the back surface being sealed 
with a layer of polycrystalline material and/or with an oxide 
layer. 

A particularly preferred process sequence for 
production of the claimed semiconductor wafer comprises the 
separation of the semiconductor wafer by sawing a single 
crystal , the rounding of the boundary of the semiconductor 
wafer, if appropriate the grinding of the semiconductor 
wafer, which may be carried out as single-side grinding or 
sequential or simultaneous double-side grinding, and/or the 
lapping, wet-chemical etching, if appropriate edge polishing, 
and polishing, which is carried out at least once, of the 
semiconductor wafer, cleaning steps carried out between the 
processes and one or more coating operations which are 
carried out following the final polishing of a side face. 

Comparative Example : 

A large number of silicon semiconductor wafers were 
sawn from a single crystal with the aid of a wire saw, 
cleaned and subjected to edge rounding. Then, the 
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semiconductor wafers were ground, lapped and etched in 
groups, rotating, in a bath of an acidic etchant enriched 
with small gas bubbles. The boundaries of the semiconductor 
wafers were in each case shielded by a shield which prevented 
the etchant from being able to flow directly onto the 
boundary. The arrangement of a semiconductor wafer and its 
shield is sketched in Fig. 5. In this Comparative Example, 
which forms part of the prior art, the shield had a 
rectangular cross section with a thickness t max which 
corresponded to the thickness d of the semiconductor wafer. 

Examples 1 to 8: 

Other groups of semiconductor wafers of the same 
type as those used in the Comparative Example were etched 
under the same conditions, except that the shield used was 
designed in accordance with the general embodiment shown in 
Fig. 3. The embodiments used specifically are sketched in 
Figures 6 to 12. 

The table given below summarizes the essential features of 
the arrangements used in the Comparative Example and in the 
Examples: 
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Table 1 





A 


Y 


d 


d 


i Tapering a 


Tapering b 


Shield 
Rounding 


Comparative 
















examole 


350+p 


o 


o 


o 


IVJ 


no 


no 


Example 1 


350+p 


o 


100 


100 


11U 


no 


no 


Example 2 


350+p 


0 


950 


950 


no 


no 


no | 


Example 3 


100 


450+p 


1250 


1250 


no 


no 


no 


Example 4 


0 


350+p 


1250 


1250 


no 


no 


no 


Example 5 


0 


350+p 


1250 


1250 


no 


no 


yes 


Example 6 


0 


350+p 


1250 


100 


yes 


no 


no 


Example 7 


0 


350+p 


1250 


100 


yes 


no 


yes 


Example 8 


0 


350+p 


1250 


100 


yes 


yes 


yes 



Following the etching step, all of the groups of 
semiconductor wafers were cleaned and subjected to 
single-side polishing on the front surface. Fig. 4 compares 
the results of a test on the flatness of the back surface of 
the semiconductor wafers in the edge region for the 
semiconductor wafers of the Comparative Example and of 
Examples 1 to 3 in diagram form. It is clear that the 
semiconductor wafers which were treated in accordance with 
the prior art did not achieve the criterion that the maximum 
deviation of the flatness of the back surface from an ideal 
plane in a range between R-6 mm and R-l mm of the back 
surface be 0.7 /xm or less. 
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The table given below provides information on 
measurements (capacitive measuring method, ADE9900, E+ mode) 
of the local flatness of the semiconductor wafers of the 
Comparative Example and of Examples 1, 2 and 3, expressed as 
SFQR 95%. The grid on which the measurements were based 
comprised squares (sites) with an area of 22 nun x 22 m, and 
the edge exclusion was 1 mm. The data show that when the 
process according to the invention is used, it is possible to 
count on a significantly improved yield of particularly 
planar semiconductor wafers. Semiconductor wafers of this 
type are optimally suited to use in the * 0.1 jLtm technology. 

Table 2 





Comparative 
Example 


example 
1 


example 
2 


example 
3 


SFQR 95% (urn) 
After etching 


1.91 


1.35 


1.05 


0.62 


SFQR 95% (urn) 
After polishing 


0.82 


0.65 


0.47 


0.26 



Accordingly, while only a few embodiments of the present 
invention have been shown and described, it is obvious that 
many changes and modifications may be made thereunto without 
departing from the spirit and scope of the invention. 
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